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FLEXIBLE CIRCUIT ADHERED TO METAL FRAME OF DEVICE 

FIELD OF THE INVENTION 

The present invention relates generally to electrical circuit breakers, and, more 
specifically, to the assembly of electrical devices used in a circuit breaker by using flexible 
circuit boards. 

BACKGROUND OF THE INVENTION 

Electrical circuit breakers typically include devices such as actuators or a solenoids 
for effecting the movement of certain components in response to signals from one or more 
control circuits. These control circuits are typically mounted on rigid circuit boards that 
are mounted directly beside the devices being controlled, and are connected to those 
devices by wires. This arrangement can create problems when space becomes critical 
because space must be provided not only for the mounting of the circuit board but also to 
allow for the installation of the board and the wires that connect it to the device it is 
controlling. Accordingly, from this perspective the design of circuit breakers has met a 
design barrier when the object is to make a circuit breaker that is both small and 
economical. 

SUMMARY OF THE INVENTION 

A principal object of the present invention to allow the placement of electronic 
components that are used to control a particular electrical device in an electrical circuit 
breaker, such as an actuator or a solenoid, directly onto the housing of that device 
without requiring a significant amount of additional space. 

Another object of the invention is to provide a more efficient heat dissipation 
environment for dissipating heat generated by the control circuitry, without having to add 
extra components such as, for example, a cooling fan. A related object is to reduce the 
dielectric separation between the electronic components and a heat sink. 

In accordance with the present invention, the foregoing objectives are realized by 
a circuit breaker that comprises a controllable electrical device that includes a housing 
formed of heat conductive material, and a flexible circuit board which is fastened directly 
to at least a portion of the housing. The flexible circuit board has a circuit printed on it, 
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and at least one heat-generating electronic component is mounted on the flexible circuit 
board. Heat generated by the electrical component is transferred to the metal housing 
which functions as a heat sink from which heat is naturally dissipated to the surroundings. 
The flexible circuit board can be adhered to any portion of any surface of the housing, 
according to the design requirements, and connected directly to the device being 
controlled. 

In one embodiment, the electrical apparatus is an electro-mechanical device. 
Furthermore, the combination of the flexible circuit board and at least one electrical 
component can comprise a control system for the electro-mechanical device, or a system 
that sends a control signal in response to a signal received from the electro-mechanical 
device, or it can transmit processed signals to a location outside the electrical device. 

In other embodiments the electro-mechanical device is a circuit breaker, a motor, 
a relay, a rheostat, a solenoid, an actuator, or a position sensor. For example, the 
invention can be applied to control an under voltage release solenoid, to control a motor, 
to take readings from a position detector, to control any general solenoid, or to take 
readings from a temperature sensor that is on a pipe. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

Fig. la is a side elevation view of an under voltage release embodying the 
invention; 

Fig. lb is a top plan view of the under voltage release shown in Fig. 3a; 

Fig. lc is a front elevation view of the under voltage release shown in Fig. 3 a; 

Fig. 2a is a top plan view showing the exterior surface of the flexible circuit board 
included in the under voltage release shown in shown in Figs, la - lc; 

Fig. 2b is a side elevation view of the flexible circuit board shown in Fig. 2a; 

Fig. 2c is a bottom plan view of the flexible circuit board shown in Fig. 2a; 

Fig. 3 a is a rear elevation view of the metal C-frame included in the under voltage 
release shown in Figs, la - lc; 

Fig. 3b is a top plan view of the metal C-frame shown in Fig. 3 a; and 

Fig. 3 c is a front elevation view of the metal C-frame shown in Fig. 3 a. 
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DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

Referring now to the drawings, an under voltage release 200 comprises a flexible 
circuit board 201, a metal C-frame 202, and a solenoid 203. The flexible circuit board 
201 has a first end section 204 and a second end section 205 that are mirror images of 

5 each other, being connected to each other by a joining section 206 (see Fig. 2c). The first 
end section 204 has a generally rectangular shape that approximately resembles the shape 
of a first frame surface 207 (see Fig. 3a). Similarly, the second end section 205 has a 
generally rectangular shape that approximately resembles the shape of a second frame 
surface 208 (see Fig. 3c). 

10 The joining sectiopn 206 is rectangularly shaped, having a rectangular aperture 

209 positioned near a lead wire end 210, two lead wire holes 211 positioned near the lead 
wire end 210, and two solenoid holes 212 positioned near a solenoid end 213. A small 
bridge part 214 forms the part of the joining surface 206 that is towards the lead wire end 

210 and a big bridge part 215 forms the part of the joining surface 206 that is towards the 
15 solenoid end 213. 

Furthermore, the flexible circuit board 201 has an exterior surface 216, on which a 
plurality of electronic components 217 are mounted, and an interior surface 218. The 
interior surface 218 of the first end surface 204 and of the second end surface 205 is 
different than the interior surface 218 of the joining surface 206. Although the flexible 

20 circuit board 201 is generally made of several layers of polyimide, adhesive, and RA 
copper that are sandwiched together having an adhesive backing as the last layer on the 
interior surface 218, the interior surface 218 of the joining surface 206 has in addition a 
stiffener material to reinforce the joining surface 206 because the joining surface 206 does 
not have a corresponding mating surface to C-frame 202. Specifically, a small stiffener 

25 219 and a big stiffener 220 are attached to the interior surface 218 of the joining surface 
206. The small stiffener 219 has a rectangular shape that is identical to the small bridge 
part 214, including matching holes for the lead wire holes 211. Similarly, the big stiffener 
220 has a rectangular shape that is identical to the big bridge part 215, including matching 
holes for the solenoid holes 212. 

30 Mounting the flexible circuit board 201 to the C-frame 202 requires that the 

joining surface 208 be placed over the C-frame 202 by having a pair of solenoid pins 221, 
which are located next to the solenoid 203, protrude through the solenoid holes 212, and 
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that the joining surface 208 is positioned in such a way that it mates with a board side 
222, which is located approximately next to the solenoid pins 22 1 . The flexible circuit 
board 201 is then secured to the C-frame 202 by soldering the solenoid pins 221 to the 
flexible circuit board 201 near the solenoid holes 212. This provides a direct connection 
between the flexible circuit board 201 and the solenoid 203, rather than an indirect 
connection through means such as wires, that saves space and allows the design of a 
smaller circuit breaker. Also, the lead wires 223 are secured to the flexible circuit board 
201 by soldering the lead wires 223 to the flexible circuit board 201 near the lead wire 
holes 211. 

Next, the first end surface 204 is wrapped around the C-frame 202 by mating the 
first end surface 204 to the first frame surface 207 and having the adhesive backing found 
on the interior surface 218 of the first end surface 204 adhere to the first frame surface 
207. Similarly, the second end surface 205 is wrapped around the C-frame 202 by mating 
the second end surface 205 to the second frame surface 208 and having the adhesive 
backing found on the interior surface 218 of the second end surface 205 adhere to the 
second frame surface 208 Adhering the flexible circuit board 201 directly onto the C- 
frame 202 eliminates dielectric separation between the electronic components 217 and the 
C-frame 202. Additionally, because the C-frame 202 acts as a heat sink, the adhering of 
the flexible circuit board 201 onto the C-frame 202 allows improved dissipation of heat 
generated by the electronic components 217. 

The end result is that the flexible circuit board 201 is permanently mounted on the 
C-frame 202 and is directly connected to the solenoid 203 through the solenoid pins 221, 
constituting the under voltage release 200. 

While particular embodiments and applications of the present invention have been 
illustrated and described, it is to be understood that the invention is not limited to the 
precise construction and compositions disclosed herein and that various modifications, 
changes, and variations may be apparent from the foregoing descriptions without 
departing from the spirit and scope of the invention as defined in the appended claims. 
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